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ABSTRACT 
 
Resource allocation can be viewed from several perspectives. One perspective is to view it as a 
capacitated Facility Location Problem, whereby resources that are located in certain places are 
being employed to certain other locations at a minimum cost. One of the most challenging 
scenarios in any organization is the ability to allocate resources to specific functions so as to 
maximize productivity. This paper develops a mathematical model that can be used to 
“optimally” deploy human resources to various parts of an organization, while at the same time 
minimizing the overall cost of operations. The technique to be used belongs to a class of 
mathematical programming problems known as Mixed-Integer Programming. The model is 
developed in line with the policies of the organization, and a simulation of the model is applied 
to Nigeria’s National Youth Service Corps (NYSC) Scheme. 
 
This model has several possible applications in situations that involve international and 
intergovernmental organizations such as the United Nations (UN), the United Nations 
Development Project (UNDP), Organization of American States (OAS), European Union (EU), 
as well as the African Union (AU). A classical application of this model is in the Nigerian Youth 
Service Scheme (NYSC). With this scheme, recent college graduates are required by law, to 
serve their country for one year after graduation. The idea is to infuse into the country the spirit 
of nationalism, knowledge of country, mutual appreciation and respect for people from different 
parts of the country and a better appreciation of one’s self worth. The task of deploying these 
graduates has been cumbersome at best. This paper develops a mathematical model that can be 
used to ‘optimally’ deploy these fresh graduates each year, to different parts of the country in 
such a way that the overall cost of the program is minimized – while at the same time satisfying 
the constraints imposed on the scheme by policy makers.  
 
Keywords: Modeling, simulation, allocation, programming 
 
 
INTRODUCTION AND LITERATURE SURVEY 
 
The application of mathematical modeling to location problems has been in existence since after 
the Second World War. Hitchcock (1941) provided a business application to the distribution of a 
Product from several sources to numerous localities. Transportation models are considered to be 
a subclass of linear programming problems in which there are several activities to be enacted 
with the possibility of making a selection among them when the resources are capacitated. In 
other words, how to find the optimum distribution of goods and services between several sources 
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and several destinations. Such problems can be solved using the techniques of Mixed-Integer 
Programming. Mixed Integer Programming Problems, belong to the family of NP-hard problems 
that abound in Decision Analysis. An example of such a problem is the Traveling Salesman 
Problem (TSP); which involves finding the least-cost cyclic route through all nodes of a 
weighted graph. Two important special cases occur where the decision variable is either integer, 
or takes on values of 0 or 1. These are called 0-1 or binary integer variables, and can be used to 
model yes/no decisions, such as whether to assign a person to a particular location or not. 
However, integer variables make an optimization problem non-convex, and therefore far more 
difficult to solve. Memory and solution time may rise exponentially as more integer variables are 
added. This is because many combinations of specific integer values for the variables must be 
tested, and each combination requires the solution of a "normal" linear or nonlinear optimization 
problem. Efroymson and Ray (1996) developed an algorithm for minimizing the set of feasible 
solutions from which to obtain the optimal solution to a fixed-charge problem. Its main 
advantage is the speed of computation from one iteration to the next. This algorithm was further 
improved upon by Khumawala (1972).  
 
 
AN APPLICATION 
 
Nigeria’s National Youth Service Corps (NYSC) Scheme was established in 1973. In the 
decades since its inception, several policies have been proposed to enhance the operation of the 
scheme. One of the basic philosophies of the scheme it to infuse the spirit of nationalism into 
fresh college graduates. It is hoped that the experience gained during the service year will help to 
make such graduates better citizens of Nigeria. To achieve this objective, an indigene of a state 
(person born in a state) is not authorized to serve in her/his state of origin. Starting with the 1988 
service year, the transportation cost is calculated as a function of the distance from the state of 
origin of the graduate, (sometimes called corps member) to her/his state of posting. It is therefore 
necessary to develop a systematic approach of posting the graduates so as to achieve the required 
national objectives.  
 
Over the years, there have been some irregularities in the posting of graduates to various states. 
There is abundant evidence of people serving, not only in their state of origin, but also, in their 
hometown! This is an abuse of a very laudable scheme; and efforts need to be made to maintain 
the integrity of the scheme. To be sure, there will be exceptions—but these should be few and far 
between; primarily for medical reasons. 
 
As much as possible, corps members should serve in areas that are linguistically distinct from 
theirs. The fact of Nigeria’s State structure is such that it is not demarcated along distinct 
linguistic lines. It is therefore not uncommon to find people from the same state speaking 
different languages; while at the same time, find people from different states speaking the same 
language. In addition, this constraint will ensure that, as much as possible, the totality of corps 
members posted to any state be derived from as many distinct states of the Federation as 
possible—including the Federal Capital Territory. This can be interpreted as a modified version 
of the “Federal Character” of the country. It should be realized that the production of graduates is 
not in direct correlation with the population; so “Federal Character” basically means widest 
possible combination of states being represented in the population of corps members posted to 
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any state. This argument is particularly valid for states that do not produce enough graduates to 
span the Federation. To satisfy this constraint, a cost matrix is generated for each state of 
posting, inversely proportional to the distance between the state of posting on the one hand, and 
the state of origin and state of graduation, on the other. This drastically reduces the chances that 
a corps member will be posted to his/her state of origin or the state in which he went to school, 
due to the fact that the corresponding cost will be maximized. In other words, the probability of 
being posted to a state will be inversely proportional to the distance between the state of posting 
and the state of origin and schooling. Married couples should be allowed to serve jointly, subject 
to all other constraints. This means that they must file joint returns as one unit, to avoid possible 
separation. This is an attempt not to disrupt family life – particularly at its infancy. However, all 
the other constraints have to be met, using the husband’s state of origin as the basis for posting.  
Incorporating the state of origin of the spouse adds to the complexity and dimensionality of the 
problem without necessarily improving the optimal solution. This is because Nigerian graduates 
usually get married much later after graduation. The median marrying age in Nigeria is close to 
30 – long after most Nigerian graduates shall have completed their national service. For this 
reason, this constraint is not incorporated into the model. 
 
In executing the NYSC scheme, Nigerian graduates of foreign institutions are given the option to 
select the state they prefer to serve in. However, for this model, such graduates are lumped into a 
common pool with the Federal Capital Territory (FCT) and allocated as if they are all products of 
the FCT. 
 
Due to the wide disparity in the population of graduates from state to state, the country is divided 
into 9 zones. This will help even out the distribution of graduates from each zone, and makes the 
size of the problem more manageable. In future, as the population of college graduates grows, 
the zoning will be reconfigured accordingly, to reflect the increase. In the process of zoning, care 
has to be taken to place states that are linguistically similar, into the same zone. This will 
accomplish the objective of not posting a corps member to their native linguistic zone. 
 
The Objective 
 
The objective is to optimize the productive capacity of an organization by ensuring that its 
human resources are optimally- allocated. 
 
The objectives of the NYSC scheme are: 
To ensure national unity by getting the youth to know more about other parts of the country 
different from their state of origin as well as the state from which they graduated, and appreciate 
the cultural and linguistic diversity of the nation. 
 
To accelerate national development by the even distribution of skilled manpower to all parts of 
the country, especially to the rural areas. 
 
To develop in the youth, a disciplined mind and the spirit of self-reliance. 
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Structure of the NYSC Scheme 
 
There are four components to the National Service Year. 
 
Orientation/Induction: Youth are assembled in a camp situation that lasts for about four weeks. 
They undertake physical fitness exercise, drills, and expeditions. They also have lectures on 
topical issues related to national development. Corps member also learn the main language of the 
state to which they will be deployed to enable interact more freely with their host community. 
 
Primary Assignment: At the end of the orientation, corps members are posted to assignments 
on which they will remain till the end of the service year. Health professionals are deployed to 
rural health centers; teachers are deployed to schools while attorneys are posted to areas relevant 
to their field of specialization. 
 
Community Development Service (CDS): Other than their main assignments, corps members 
must participate in one other assignment such as extracurricular activities in schools, extramural 
classes, health campaigns, etc. 
 
Winding up/Passing Out: This is the last segment of the program, and it lasts only a few days. 
During this period, corps members are debriefed. It provides a forum for feedback from corps 
members, with a view to improving the scheme in subsequent years. 
 
NYSC Policy Objectives 
 
It is required that the posting of fresh graduates be done in such a way as to optimize some 
desired national objective in a given year, subject to predetermined constraints. The national 
objective can be encapsulated in the following statement: 
 
Given that there is an acute shortage of medical doctors in Nigeria – particularly 
in the rural areas and the less-developed states, it would be a reasonable national 
objective to distribute the medical doctors fresh out of medical schools across the 
country without bias to availability of medical facilities.  
 
The idea here is to provide primary health care to the widest possible area of the country, while 
keeping in clear focus, the desirability of exposing the fresh graduates to a new and different life 
experience. The same is true of teachers, engineers, nurses, and other professions. In this case the 
objective would be to maximize the availability/benefit of basic health care delivery by 
providing young medical doctors to all states of the Federation. A measure of the benefit would 
be the proportion of the state population that will have access to basic health-care services – in 
other words, a per-capita measure of the ratio of doctors to the state population. 
 
Another objective is to minimize the overall cost of administration of the scheme in each state 
for the three sources from which corps members are derived. Thus the model will have to be 
implemented for three categories of graduates: 
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 University graduates 
 Graduates of Polytechnics/Colleges of Technology 
 Graduates of Colleges of Education 
 
The total number of corps members posted to a particular state must be in direct proportion to the 
population of the state. This ensures that there is an equitable distribution of corps members on a 
per-capita basis. It is believed that the primary purpose of the scheme is to expose the fresh 
graduates to a new experience – culturally, professionally, and intellectually. The fact that a state 
needs a particular crop of professionals is therefore of secondary interest. States that are 
interested in such professionals can mark down where the corps members are currently posted, 
and consider them for employment at the end of their service year. Therefore, the corps members 
will be proportionately spread out all over the country based on the overall population of 
graduates for the service year in question. 
 
Corps members should not be posted close to their state of origin. The thinking is that it will not 
reflect the spirit in that established the program. Fresh graduates are expected to be posted to 
locations where they will encounter cultural experiences different from theirs. States that are in 
close proximity to the state of origin of a fresh graduate are more likely to be homogeneous with 
that of the graduate. Therefore, the farther away that a person is posted the more likely that the 
cultural experience will be different. 
 
Constraints 
 
In order to capture all the factors that will contribute to the successful execution of any function, 
it is important to obtain as much information about the employee as possible. However, it is not 
feasible for any one employee to have all the requisite attributes for any particular department. 
So a major constraint would be that “It is impossible for any one employee to have all the 
attributes of a department. 
 
Constraint 1: The number of male corps members deployed from any state cannot exceed the 
total number of male graduates originating from that state in any given service year. 
 
Constraint 2: The number of female corps members posted from any state cannot exceed the total 
number of female graduates from that state in any given service year. 
 
Constraint 3: No corps member should serve in her/his state of origin. This is fundamental to the 
existence of the scheme. The idea is to create an environment where fresh graduates, the 
country’s future leaders, will have an opportunity to interact with fellow citizens from other parts 
of the country that is different from theirs. This, hopefully, will give them a first-hand experience 
in dealing with the various cultures that constitute the hetero-cultural entity called Nigeria.  
 
Constraint 4: Corps members may not serve in the state in which they graduated. It is believed 
that the service year should be a period of unique experience. If a graduate is posted to the state 
in which she/he graduated, he/she is less likely to witness any drastic changes in his/her modus 
operandi or modus vivendi; as would be the case if the person were posted to a state with which 
they had little or no previous exposure. By definition, a graduate of a school is someone who 
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obtained a degree/diploma from that school irrespective of where they started from. This 
definition is necessary so as to prevent transfer cases from making the model unnecessarily 
complex. 
 
Constraint 5: The number of male corps members posted to all the states from a given state, 
cannot exceed the total number of male graduates produced by that state in any given service 
year. 
 
Constraint 6: The number of female corps members posted to all the states from a given state, 
cannot exceed the total number of female graduates produced by that state in any given service 
year. 
 
Constraint 7: All corps members who report for duty MUST be deployed. 
 
The Mathematical Model 
 
Let:   
i = State of origin of an individual 
j = State in which an individual graduated 
k  State to which an individual is posted 
mi = Total number of male graduates originating from state i 
fi = Total number of female graduates originating from state i 
gj = Total number of male corps members that graduated from state j 
ej = Total number of female corps members that graduated from state j 
G = Total number of university graduates produced in the country in a given service year 
nk = Population of state k 
N = Country population 
xijk  Number of male corps member originate in state i, attended school in state j, and are 
posted to state k 
yijk = Number of female corps member originate in state i, attended school in state j, and are 
posted to state k 
cik = Unit cost of transporting a graduate from state of origin i, to state of posting k 
Ak = unit maintenance cost per month; of graduates in state of posting k 
ck = Fixed cost of running the NYSC scheme in state of posting k. 
dik = Distance between state of origin i, and state of posting, k. 
pik = Probability that a corps member born in state i, is posted to state k 
s = Total number of states in the Federation 
 
Then the objective function becomes: 
 
   
i j k
ik )()(c :z Minimize
k
kijkijkkijkijk cyxAyx  
 
The mathematical equivalent of each of the constraints is shown below: 
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Constraint 1: The number of male corps members deployed from any state cannot exceed the 
total 
  number of male graduates originating from that state in any given service year. 
 
; 1,2,......
ik ijk i
j k
p x m i s   
 
Constraint 2: The number of female corps members posted from any state cannot exceed the total 
  number of female graduates from that state in any given service year. 
 
; 1,2,......
ik ijk i
j k
p y f i s   
 
Constraint 3: No corps member should serve in her/his state of origin. 
 
( ) 0;
ijk ijk
i j k
i k j k
x y
 
   
 
Constraint 4: Corps members may not serve in the state in which they graduated. 
 
( ) 0
ijk ijk
i j k
i j
x y

   
 
Constraint 5: The number of male corps members posted to all the states from a given state, 
cannot 
  exceed the total number of male graduates produced by that state in any given 
  service year. 
 
ik ijk j
i k
i j k j
p x g
 
  
 
Constraint 6: The number of female corps members posted to all the states from a given state, 
  cannot exceed the total number of female graduates produced by that state in 
any 
  given service year. 
 
ik ijk j
i k
i j k j
p y e
 

 
 
Constraint 7: All corps members who report for duty MUST be deployed. 
 
 
j
ijk
i
ijk xx  
 
The complete model becomes: 
 
Modeling and Simulation of a Resource Allocation Problem Soluade 
 
Communications of the IIMA ©2012 54 2012  Volume 12 Issue 1 
Minimize z: ( ) ( )
subject to (1)
(2)
( ) 0............................................(3)
ik ijk ijk k ijk ijk k
i j k k
ik ijk i
j k
ik ijk i
j k
ijk ijk
i j k
i k j k
c x y A x y c
p x m
p y f
x y
 
     


 
   
 
 

( ) 0..........................................(4)
(5)
(6)
.......................................................
ijk ijk
i j k
i j
ik ijk j
i k
ik ijk j
i k
ijk ijk
i j
x y
p x g
p y e
x x

 





 
 
  .......(7)
, 0 for all i, j, k (8)
ijk ijk
x y 
 
 
Initial Analysis: 
 
An ABC analysis of the data shows that 75% of the fresh college graduates originate from less 
than 20% of all the states of the federation. This suggests that the division of the country into 
zones should be weighted to allow for an even distribution of graduates across all zones. 
 
Simplifying Assumptions 
 
During the period for which data is collected, it is found that over 75% of the college graduates 
in Nigeria were produced by less than 20% of the universities and colleges of technology 
(Padberg, 1999). This renders impractical, the requirement that graduates who studied in a 
particular state need not be posted to those states. This is because there will be a preponderance 
of graduates of those states, disproportionate with the size of the state. In addition, it also implies 
that the remaining 25% of the college graduates were produced by approximately 80% of the 
universities; thus this population of graduates will not be adequate to fulfill the manpower 
requirements of the states to produce most of the graduates. With the existence, now of 36 states, 
the possibility of the existence of a state university or college of technology in each state of the 
federation, this constraint can, in future, become highly significant. A further reduction in the 
complexity of this model can be achieved by applying the model strictly to university graduates. 
Extension of this model to Polytechnics and Colleges of Technology becomes routine. Due to the 
scantiness of available data, the model is limited to the aggregate of both male and female 
university graduates combined.  However, as record-keeping improves, it is easily possible to 
modify the model and break it down by gender. 
 
The incorporation of the state of origin of a graduate exponentially increases the dimensionality 
of the model. The requirement that the posting to a particular state be a function of the distance 
between the state of origin, state of schooling and state of posting, can be pruned down to 
incorporate only state of origin and state of posting. One advantage of this type of modification 
is that the ultimate formulation will be within the capacity limits of available software, and 
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would provide a realistic optimal solution. Also, since the fixed cost of running the NYSC 
scheme nationally is a constant that is determined at the beginning of each fiscal year, it can be 
dropped from the objective function without loss of generality. 
 
The Revised Model: 
 
In order to show the utility of this model, it is decided to prune it down to just male graduates. 
Extension to both male and female graduates is just a matter of scale. Also, since the fixed cost is 
invariant, it has no effect on the optimal solution (Chu & Ipsilandis, 1981), and is dropped from 
the objective function. The revised model can then be formulated as follows: 
 
Minimize z: 
subject to (1 )
0...........................(3 )
0...........................(4 )
(5 )
.....
ik ijk
i j k
ik ijk i
j k
ijk
i j k
i k j k
ijk
i j k
i j
ik ijk j
i k
ijk ijk
i j
c x
p x m r
x r
x r
p x g r
x x
 






  
 


 
  ...............................(7 )
0 for all i, j, k (8 )
ijk
r
x r
 
 
Application of Model to the NYSC Scheme in Nigeria. 
 
In order to keep the dimensionality of the model to within reasonable limits, the country is 
divided into a 3x3 grid each grid representing a zone comprising a collection of contiguous states 
– making a total of 9 zones.  
 
Zones 
       
 
 
 
 
The distance matrix is then generated by calculating the distance from the middle of one zone to 
the middle of the other. 
  
1 2 3 
4 5 6 
7 8 9 
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1 2 3 4 5 6 7 8 9 TOTAL
1 0 175 420 175 245 490 315 350 490 2660
2 175 0 245 245 175 315 350 315 350 2170
3 420 245 0 455 280 175 490 350 280 2695
4 175 245 455 0 175 420 140 210 350 2170
5 245 175 280 175 0 210 210 140 175 1610
6 490 315 175 420 210 0 350 210 105 2275
7 315 350 490 140 210 350 0 175 280 2310
8 350 315 350 210 140 210 175 0 140 1890
9 490 350 280 350 175 105 280 140 0 2170  
 
Table 1: Distance Matrix. 
 
The transportation cost of being posted to a particular zone is calculated based on a formula. 
For each zone i, he transportation cost to zone k is given by: 
 
ik ik
ik
iik
k
d d
c
Dd
 

  
 
(where dik is the distance between State of Origin i, and state of posting k). 
 
 
So the Transportation Cost matrix becomes:   C = [cik] 
 
1 2 3 4 5 6 7 8 9
1 0.00 0.07 0.16 0.07 0.09 0.18 0.12 0.13 0.18
2 0.08 0.00 0.11 0.11 0.08 0.15 0.16 0.15 0.16
3 0.16 0.09 0.00 0.17 0.10 0.06 0.18 0.13 0.10
4 0.08 0.11 0.21 0.00 0.08 0.19 0.06 0.10 0.16
5 0.15 0.11 0.17 0.11 0.00 0.13 0.13 0.09 0.11
6 0.22 0.14 0.08 0.18 0.09 0.00 0.15 0.09 0.05
7 0.14 0.15 0.21 0.06 0.09 0.15 0.00 0.08 0.12
8 0.19 0.17 0.19 0.11 0.07 0.11 0.09 0.00 0.07
9 0.23 0.16 0.13 0.16 0.08 0.05 0.13 0.06 0.00  
 
Table 2: Transportation Cost Matrix 
 
A penalty matrix is generated which is inversely proportional to the transportation cost. This will 
ensure that the cost will be prohibitively high if a graduate is posted to their state of origin. The 
penalty of being posted to a distant location is inherently lower than the penalty of being posted 
to a relatively closer location. The penalty matrix is calculated as the complement of the cost 
matrix. Thus we have:  
 
1 ;
1;
ik
ik
c if i k
p
if i k
 
 

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k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9
i=1 1.00 0.93 0.84 0.93 0.91 0.82 0.88 0.87 0.82
i=2 0.92 1.00 0.89 0.89 0.92 0.85 0.84 0.85 0.84
i=3 0.84 0.91 1.00 0.83 0.90 0.94 0.82 0.87 0.90
i=4 0.92 0.89 0.79 1.00 0.92 0.81 0.94 0.90 0.84
i=5 0.85 0.89 0.83 0.89 1.00 0.87 0.87 0.91 0.89
i=6 0.78 0.86 0.92 0.82 0.91 1.00 0.85 0.91 0.95
i=7 0.86 0.85 0.79 0.94 0.91 0.85 1.00 0.92 0.88
i=8 0.81 0.83 0.81 0.89 0.93 0.89 0.91 1.00 0.93
i=9 0.77 0.84 0.87 0.84 0.92 0.95 0.87 0.94 1.00  
 
Table 3: Penalty Matrix. 
 
 
So we have: 
Minimize z: 
subject to 8100 (1 )
0...........................(3 )
0...........................(4 )
8100.... .. (5 )
ik ijk
i j k
ik ijk
j k
ijk
i j k
i k j k
ijk
i j k
i j
ik ijk
i k
ijk ijk
i j
c x
p x r
x r
x r
p x r
x x
 






  
 


 
 ....................................(7 )
0 for all i, j, k (8 )
ijk
r
x r 

 
The Solution 
 
This problem was solved on the Premium Solver Platform designed to handle different sizes of 
conventional optimization problem (without uncertainty).  
 The total available graduates for a given service year is 81000. 
 These graduates are spread evenly among the 9 zones. 
 Given that there are 9 originating zones, 9 zones corps members graduate from, and 9 
zones that corps members can be posted to, the size of the ultimate matrix is 9 by 81. 
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RESULTS 
 
 
 
1
2
3
4
5
6
7
8
9
1 2 3 4 5 6 7 8 9
Zo
ne o
f O
rigin
-
i 
Zone of Graduation - j 
Graduates born in zones 1 to 9, graduated from zone 1, and posted to zones 1 - 9
j= 1 1 1 1 1 1 1 1 1
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 25.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 975.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 1000.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 0.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 2, and posted to zones 1 - 9
j= 2 2 2 2 2 2 2 2 2
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 1000.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 0.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 3, and posted to zones 1 - 9
j= 3 3 3 3 3 3 3 3 3
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 950.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 50.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 150.000 0.000 0.000
i=7 0.000 0.000 250.000 0.000 0.000 1000.000 0.000 0.000 1000.000
i=8 0.000 1000.000 750.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 850.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
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Graduates born in zones 1 to 9, graduated from zone 4, and posted to zones 1 - 9
j= 4 4 4 4 4 4 4 4 4
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=7 0.000 0.000 1000.000 0.000 0.000 0.000 0.000 0.000 0.000
i=8 0.000 1000.000 0.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 1000.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 5, and posted to zones 1 - 9
j= 5 5 5 5 5 5 5 5 5
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 1000.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 6, and posted to zones 1 - 9
j= 6 6 6 6 6 6 6 6 6
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 25.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=7 0.000 0.000 1000.000 0.000 0.000 975.000 0.000 0.000 1000.000
i=8 0.000 1000.000 0.000 0.000 550.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 450.000 0.000 1000.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 7, and posted to zones 1 - 9
j= 7 7 7 7 7 7 7 7 7
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 1000.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 1000.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 8, and posted to zones 1 - 9
j= 8 8 8 8 8 8 8 8 8
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 25.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 975.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 1000.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
Graduates born in zones 1 to 9, graduated from zone 9, and posted to zones 1 - 9
j= 9 9 9 9 9 9 9 9 9
k= 1 2 3 4 5 6 7 8 9
i=1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 100.000 0.000
i=4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i=6 0.000 0.000 0.000 0.000 0.000 0.000 1000.000 900.000 0.000
i=7 0.000 0.000 0.000 0.000 0.000 1000.000 0.000 0.000 1000.000
i=8 0.000 1000.000 1000.000 0.000 1000.000 0.000 0.000 0.000 0.000
i=9 1000.000 0.000 0.000 1000.000 0.000 0.000 0.000 0.000 0.000
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000
Demand 1000 1000 1000 1000 1000 1000 1000 1000 1000
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SUMMARY OF OPTIMAL SOLUTION 
 
 
 
Interpretation of Results 
 
An Optimal Solution was found after 504 iterations. This solution minimizes the overall cost of 
deploying all the graduates of the country to their respective posting zones at the minimum cost. 
This does not include the fixed cost of administration since it does not affect the ultimate 
solution. 
 
All corps members that report for duty are deployed, and there are no undeployed graduates. 
Each zone had an equal number of postings.  
 
When this model is compared with the existing operating budget of the scheme, it is found that 
there is a tremendous reduction in the cost of executing the deployment each year. However, 
there are several non-quantitative factors that go into the decision to post a particular graduate to 
one location or the other; and unless the decision is made at the highest level to adopt this model, 
it will continue to cost the country a lot more than it needs to. 
 
Areas for Further Research 
 
Extension of this model to accommodate multiple types of graduates and including the gender 
variable is not trivial. This is because of the exponential growth in the size of the matrix that will 
be generated, which could result in infeasibilities. With more powerful platforms however, the 
dimensionality of the model can be scaled upward without additional complexity. 
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Appendix I: Output of Simulation 
 
 
 
  
---- Start Solve ---- 
No uncertain input cells. 
Using: Full Reparse. 
Parsing started... 
Diagnosis started... 
Convexity testing started... 
Model diagnosed as "LP Convex". 
Automatic engine selection: Standard LP 
Model: [Model Development Using Problem Solver in Excel.xlsx]9x81 
Using: Excel Interpreter 
Parse time: 2.62 Seconds. 
Engine: Standard LP Simplex     
Setup time: 1.64 Seconds. 
Engine Solve time: 0.06 Seconds. 
Solver found a solution.  All constraints and optimality conditions are 
Solve time: 11.14 Seconds. 
Microsoft Excel 14.0 Answer Report 
Worksheet: [Model Development Using Problem Solver in Excel.xlsx]9x81 
Report Created: 5/13/2012 10:04:02 PM 
Result: Solver found a solution.  All constraints and optimality conditions are 
Engine: Standard LP Simplex 
Solution Time: 02 Seconds 
Iterations: 504 
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